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REPRODUCTION IN THE RED SQUIRREL (TAMIASCIURUS
HUDSONICUS) IN COLORADO
Information on reproduction of the red squirrel (Tamiasciumrs hudsonicus) can be
gleaned from studies in the northeastern United States (Klugh, 1927; Hamilton, 1939;
Layne, 1954) and in western Canada (Miller, 1970; Smith, 1968; Kemp and Keith, 1971;
Wood, 1967). However, there is a paucity of information on reproduction from the mountainous regions of the western United States. This paper presents reproductive information
on the red squirrel from Colorado and helps fill this void. In addition, the reproductive
strategy of red squirrels is briefly compared with that of snowshoe hares.
A total of 115 squirrels was collected by trapping between mid-April and September of
1970 and 1971 in Summit County, Colorado, 1 to 8 kilometers east of Vail Pass. Collections
were made in coniferous forests of Englemann spruce (Picea englemanni), subalpine fir
(Abies lasiocarpa) and lodgepole pine (Pinus contorts) at elevations of 3100 to 3400
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meters. Snowfall averages 630 centimeters annually and snow normally remains on the
gmund from October to early June.
Each squirrel was weighed and the general condition of teats or position of testes was
noted. The whole reproductive tract of females and testes of males were removed and
stored in 10 per cent formaldehyde. Subsequently, testes were weighed and measured and
female reproductive tracts examined to determine their reproductive condition.
I used the following criteria to classify females as breeding or nonbreeding. Females
collected in a definite state of estrus (long, coiled vagina with diameter > 7 millimeterssee Layne, 1954, and Miller, 1970) were considered as breeding as were females containing
visibly implanted fetuses. Females collected from June to September showing placental
scars or longitudinal striations on the uterine wall also were considered as breeding (Kemp
and Keith, 1971). All other females were considered as nonbreeding.
The condition of teats in July to September also was a useful criterion for determining
breeding status. Females having nursed that year had conspicuous nipples ( > 3 millimeters
long), which contrasted with the inconspicuous nipples of nonbreeding females (Layne,
1954).
Each visible fetus was removed from the uterus and weighed. The average fetus weight
was then obtained for each red squirrel litter. A fetal growth curve (based on weight) for
snowshoe hares (Bookhout, 1964) was adjusted to estimate the approximate age of each
red squirrel litter so that the approximate date of conception (fertilization of eggs) could
be determined.
Red squirrels have a gestation period of about 40 days (Hamilton, 1939), which is
similar to that of snowshoe hares (37 days). Snowshoe hares weigh 70 to 80 grams at
birth whereas red squirrels weigh 7 to 8 grams (Svilha, 1930). Thus, the weight scale of
the hare growth curve was reduced by a factor of 10 to estimate the age of red squirrel
fetuses. Since fetal growth of altricial squirrels may not follow the exad pattern of fetal
growth of precocial hares, the time d conception for each litter was estimated only to the
nearest 10-day period of a month.
I considered squirrels 1 year or older as adults. No attempt was made to further age
adults. Juvenile squirrels were first trapped in late August. The weight of juveniIes collected in August and Septemba (mean 125 grams, range 120 to 142) easily distinguished
them from adults (mean weight 190 grams, range 151 to 250) in most cases. To assure
that all juveniles were distinguished from adults, one humerus was removed from each
squirrel collected in August and September. Juveniles were positively distinguished from
adults by the presence or absence, respectively, of epiphyseal cartilage in the proximal end
of the humerus, as described for the cottontail rabbit by Hale ( 1949 ) .
The estimated period for conceptions (Fig. 1 ) in 1971 (mid-April through mid-May)
was slightly earlier than in 1970 (May through mid-June). The time of appearance of
lactating females also indicated earlier breeding in 1971 than in 1970. Two lactating
females were colleated on 1 June 1971, whereas in 1970 the first lactating female was not
collected until 3 July.
The earlier breeding in 1971 than in 1970 may have been related to spring weather
oonditions. The snow depth in April and May was about 40 per cent less in 1971 than
in 1970. Snowshoe hare breeding in the same locality also was earlier in 1971 than in
1970 (Dolbeer, 1972). Smith (1968) and Miller (1970) noted a similar relcutionship
between snowfall and breeding chronology in red squirrel populations in British Columbia.
The period of conceptions in Colorado was generally later than that reported for red
squirrels in localities at lower elevations farther north. Wood (1967) reported breeding
in March and April in northen Alberta. Smith ( 1968) and Miller ( 1970) presented breeding records for 5 years in British Columbia. In different years, breeding first occurred in
February, March, April, and early May. Layne (1954) and Hamilton (1939) recorded
pregnancies in February and March in the northeastern Unisted States.
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period of conceptions for red squirrels in Colorado, 1970-71.

I found no evidence of females producing two litters per year. The late initiation of
breeding and short snow-free season virtually eliminated the possibility of a second litter
in 1970 or 1971. Inasmuch as red squirrels are not weaned until 2 months after birth
(Nice et al., 1954), young born in 1970 and 1971 were not maternally independent until
August or September.
Studies by Soper (1942), Hatt (1943), Smith ( 1968), and Kemp and Keith (1971)
indicated that red squirrels ~roduceonly one litter per year in western North America.
Miller (1970) did record the production of two litters in 1 of the 2 years of his study in
British Columbia; however, an unusually mild spring occurred in that year and squirrels
began breeding in February. In eastern United States, two litters per year are apparently
conlmon (Hamilton, 1939; Layne, 1954).
In my study the percentage of adult females breeding decreased significantly ( P < 0.01,
Chi-square value 7.03, 1 df) from 89 per cent ( N = 27) in 1970 to 59 per cent ( N = 39)
in 1971. Significant annual variations in pregnancy rate are common for red squirrels in
western North America. The percentage of adult females breeding increased from 67 per
cent to 88 per cent over a 1-year period in Alberta (Kemp and Keith, 1971) and decreased
from 83 per cent to 32 per cent over a 1-year period in British Columbia (Smith, 1968).
I found an average litter size (based on counts of visibly implanted fetuses) of 3.3
(range 2 to 5, mode 3, N = 16) for 1970-71, which is similar to that reported for red
squirrels in western Canada (Kemp and Keith, 1971; Smith, 1968). There was no significant difference in litter size between years ( P > 0.20).
Layne (1954) found that testes in red squirrels weighing over 1 gram normally had
viable spermatozoa in the cauda epididymis and that testes weighing less than 1 gram did
not. Using Layne's ( 1954) criterion, the sexually functional period for adult males ended
in early July in 1970 and in mid-June in 1971 in my study. The later functional period
in 1970 than in 1971 corresponded with the later onset of breeding in 1970 than in 1971
(Fig. 1).
snowshoe hares and red squirrels normally occur together in boreal coniferous forests
of North America. Both are herbivores, remain above snow in winter, and are active yearround. Prebreeding population densities of more than 100 adults per square mile are
common for both species (Meslow and Keith, 1968; Kemp and Keith, 1971).
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The annual reproductive rate of snowshoe hares is much higher than that of red squirrels.
Snowshoe hares, throughout their geographic range, produce two to four litters annually.
Average litter size ranges from two to three for first litters to three to five for later litters
(Keith et al., 1966). The pregnancy rate is consistently high because more than 95 per
cent of adult females surviving a breeding season normally produce at least two litters
(Meslow and Keith, 1968; Newson, 1964; Dodds, 1965; Dolbeer, 1972).
On a long-term basis, red squirrel and snowshoe hare populations are remaining stable
in areas where man has not removed their habitat. Therefore, red squirrels, on the average,
maintain population numbers with a lower reproductive rate per female than do snowshoe
hares. This indicates that the evolutionary strategy of these two syrnpatric species has been
different. Snowshoe hares have evolved more as "r strategists" (MacArthur and Wilson,
1967), maintaining a relatively high reproductive rate and the ability to rapidy increase
in numbers under favorable conditions. Snowshoe hares have rather unspeoialized food
habits, they exhibit no overt defense of territory and populations apparently maintain little
social structure (see Adams, 1959; Aldous, 1936; Bider, 1961). Populations have commonly
undergone 15 to 100 f d d fluctuations in density within 4 to 5 year periods (Keith, 1963:
135).
In contrast, red squirrels, with a lower reproductive rate, have evolved more as "K
strategists." Red squirrels have specialized food habits, are highly territorial, and apparently
have a rather complex social structure (Layne, 1954; Smith, 1968; Kemp and Keith, 1971 ).
Population numbers do fluctuate on a short-term basis, apparently in relation to food supply
(that is, cone crops-Kemp and Keith, 1971); however, annual density changes are not
of the magnitude of those for snowshoe hares populations.
I thank Bruce A. Wunder for reading the manuscript and the Colorado Cooperative
Wildlife Research Unit for financial assistance.
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